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Yield stress increases with pressure: Frictional plasticity

The static coefficient of friction of ~30°

Almost independent on the rock type


http://wiki.seg.org

Geological observations

Camamu basin — Brazilian margin (Ferreira, 2018)
' G 65 it Araie Gudics sl AL e At PG

R

'z me rfo Bo A

B R - n Poco
- TN e T

W, e Pkl
- S e, - -

Bacia Rifte de Camamu

Fault angles depend on

tectonic setting / loading type

Hikurangi margin — New Zealand (Barnes et al., 2020)
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Faults are essential in Earth sciences:

Structure of the crust, fluid and mass transfers, seismogenesis...

The ability to predict fault-like zones development is necessary


http://wiki.seg.org

Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity

No feedback of
plasticity on pressure



Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity

\4
No possibility to build-up
and resolve shear band propagation



Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity

Fixed 45¢°
shear band angle

Not Mohr-Coulomb
nor Drucker-Prager



Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity
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Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity
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Geodynamic models and plasticity

Geodynamic models are continuous and have limited resolution

Frequent assumptions of geodynamic models:

Incompressibility, no elasticity, lithostatic pressure, local/rate-independent plasticity

Not supported by Mesh dependence
lab. data nor observations and lack of convergence

What can we do?



Regularisation

Drucker-Prager plasticity: F =71 —ccos¢p—psing =0
No time nor length-scale

Rate-dependent viscoplasticity: F' = 777 — ccos @ — psing — 17" ° A

temporal regularisation Overstress

Straightforward implementation

“I I” ] ]
oca In existing codes

Gradient-based regularisation: F' = 777 — ccos ¢ — psin ¢ + yAe”
spatial regularisation

+ 1 dof
Cosserat medium: F=71 —ccosg —psing -
spatial regularisation s | =
+ 1 dof in 2D 3
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Implementation

Ideally, for a fair comparison we need all in a single code

Finite differences/staggered grid
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e Fully iterative accelerated pseudo-transient integration

All-in-one approach: combined linear/non-linear solve

ParallelStencil.jl package - multiple GPUs
Simple path to 3D
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Implementation

Ideally, for a fair comparison we need all in a single code

Finite differences/staggered grid
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Assessing the robustness and scalability of the accelerated pseudo-transient method towards exascale computing’
Ivan Utkin, Ludovic Rass, Thibault Duretz, Samuel Omlin, and Yury Podladchikov
Thu, 26 May, 17:26-17:33 [ Room -2.47/48 Tomorrow!



Different regularisations: Shear bands

A) Mean stress

Viscoplasticity - 382 x 254 cells
Gradient - 382 x 254 cells
Cosserat - 382 x 254 cells

t [ky]
B) Viscoplasticity (n'? = 6el18 Pa.s) C) Gradient (¥ = 2e¢12 Pa.m?) D) Cosserat (I. = 80 m)
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Regularisations: Resolution

A) Viscoplasticity LR~ B) Gradient LR C) Cosserat LR
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Scale parameter

Regularisations: Parameters

A) VP, n'? = 3el8 Pa.s
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B) VP, n'? = 5¢e18 Pa.s
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Different regularisations: Shear bands

Profile of plastic strain

0.15 - Different profiles
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Some interesting differences in shear band properties



Different regularisations: Crust

ny = 318, n, = 254, - t = 1.2548 My - 7y [MPa|
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Conclusions
Frictional plasticity is a long-lasting problem is geodynamic modeling

Some simple solutions exists and others have to be explored

Viscoplastic formulations are straightforward and efficient

Can be readily used in geodynamic simulations

— P =600 MPa

...however a proper length-scale would also be welcome
Likely a combination of gradient/Cosserat with viscoplasticty

would be even better suited
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